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3.297.876 wm 
AMPLITUDE MGRULATION FOR LASERS 
Antheny J. De Maria, Vest Hartford, Conn., mninnor to. 


United Aircraft Curporstice, East Hartford, Conn., a E 


corpyration of Prelaw are 
: Filed Apr. 16, 1963, Ser. Wa. 273,514°* 
. $ Clainvs. (Ch 250-199) 


-.* Tais application is a continuation-in-part of applica- 


lice Serial No. 228,969, filed October 8, 1962. 

This wwventon iclates ta inirored masers, optical 
maseis, and ultravislet macers, all of which wail ve re- 
ferred te hereinafter az Inwrs More particularly, this 
invention relates to the contro: of the ouput radiation 


«from these laser devices. 


This invention invelves the control of Jaser action by 


’ obtaining a time varying refractive index in the Fabry- 


. ee baibiaehabis Me ajeninpe tome 
Perot cptical caviiy” One way of -obiaining this time 


varying fetractive index is by insenlirg on witrasoaic cell 


petween_the reflective end rlatcs of the laser and Erop- 20 
Depending 


wave lensth of the ultrasonic wave. 


tionship between the width of the electromagnetic radia- 
tion beam in the optieal cavity of the laser, the wave 
length cf the sound wave in the ultrasonic ceil, and the 
laser reflectors, the laser output can be. controiled to elimi- 
nate the random cutput of some lasers, synchronize Jaser 
output with the ultrasonic frequency, amplitude modulate 
the output of some lasers, or a single, large power pulse 
can be obtained from the Jaser, or the laser oulpur can 


- be used for scanning purposes. 


Accordingly, cne feature of the present invention jis a 


~~. novel contro! system for lasers in which laser output 2s 


modulated and controlled uluasonically. 
Another feature of this inventioa is 1 novel control sys- 


- tem for Jasers in which I-ser output is controlled by the 


refraction or diffraction of electromagnetic radiation in 
the Optical cavity of the’ laser through the use of a time 


varying refractive index in the feedback path of the . 


laser. 
_ Another feature of the present invention is a novel 
control for Jasers in which laser oucput is synchronized 
with the frequency of an ultrasonic wave. 

Still another feature of the present invention is a novel 
contro! for lasers in which laser output is shutiered either 
by ultrasonic diffraction interaction or ultrasonic refrac- 
tion interaction to produce an extremely Jarge amplitude 
outpur pulse from the laser. ; 

Still another feature of the present invention is a novel 


Jaser contro] systen: in which an extremely large ampli- 


tude ontput pulse is achieved through the use of a reflect- 
ing surface positioned ai an acule angle to the axis of the - 
laser and with an ultrasonic cell for refracting the electro- 


-- magnetic radiation in the optical caviiy of the laser. 


Still another feature of the present invention is a novel 


~ centrol system for lasezs in which ultrasonic cells are used 


to defiect the laser output to produce a scanning sysier. 

Stilt another feature of the present invention is a novel 
laser system in which laser cutput is ultrasonically gatcd 
to align, control or measure the paralelism of two flat 
plates. : . 

Stili another feature of the present invention is a novel 
laser control system in which the ontout of a conunuous 


* ’ 


“Patent Otfice 
13 


25 


30 
ings of the present invention and depending on the rela- | 


70 


Sake fin a . 
3,257,876 
Patented Jan. 10, 1957 


wave-iaser can be gated or amplitude modulated by aa 
“ultrasonic ‘vave whereby pulse repetinon rate is deter- 
mined by optical pumpiag intensity and ultrasonic fre~ 
quency. . 
Still another feature of the presert invention is a novel 
symem for frequency modulating leser output. 
Still another feature of the present invention is a novel 
system for amplitude modulating Jaser output. 
Other features and advantages will be apparent from 


q the specification and claims, and from the accompanving 


drawires which illustrate an embodiment of the invention. 

FIGURE i is a showing of the control system or the. 
present invention ‘n which an ultrasonic cell is interposed 
between the Jaser and a reflecting surface to gencrate a 
gated output from the laser. 

- FIGURE ia is a showing of alternative structvre of 
FIG. 1 wherein the laser, the ultrasonic cell, and the out- 
hoard mirror are abutted, , 
- FIGURE 2 is a showing of a part of FIG. 1 in which 
the ultrasonic refrection of the electroniagnetic radiation 
beam in the optical cavity of the laser is illustrated. 

FIGURE 3 is a showing of the coordination and syn- 
chrenization between the ultrasonic wave and the laser 
pulses of ine structure of FIG. 1. 

FIGURE 4 is a variation of the structure of FIG. 1! 
wherein the ultrasonic energy is passed directly through 
the active laser element. 

FIGURE 5 is a showing of an ultrasonic contro! sys- 
tem for lasers.in which one or more large cutput pulses 
are generated. . 

FIGURE 6 is a showing of an ultrasonic control sys- 

tem for lasers in which the laser beam can be scanned in 
a variety of patterns. ; ‘ 
, FIGURE 7 ‘s a showing 3f an ultrasonic control sys- 
tem for lasers in which laser output can be either fre- 
quency modulated or amplitude modulated or both fre- 
quency and amplitude modulated. . : 

FIGURE 8 is a showing of an ultrasonic control sys- 
tem for lasers in which laser output can be amplitude 
modulated. . 

FIGURE 8a is a modification of the structure of FIG. 
8 for amplitude modviation at a fixed frequency.. 

’ FIGURE 9 is a showing of an ultrasonic diffraction 
pattern created by the systems shown in FIGS. 7 and 8. 
_FIGURE 10 is a showing of variations in diffraction 


patiern intensity with variations in ultrasonic intensity. 


FIGURE J0a is a showing of syachronism between 
laser output and ultrasonic wave form for one mode of 
operation ef tiie system of FIG. 8. . 

Except where otherwise indicated, the following discus- 
sion wil! describe the present invention as used with a 
ruby iaser and a liquid medium ultrasonic cell. However, 
ic is to be expressly understood that any type of laser and — 
any ultrasonic cell either liquid, gas, or solid can be used 
in the practice of the present invention, or the ultrasonic . 
wave can be prupagated through the active portion of the 
Jaser system. . 

_ Referring now to Flu. 1, a ruby laser 2 is shown with 
a pumping lamp 4 which has a D.C. power supply 6 and 
a capacitor bank 8 connected thereto, and a triggering 
circuit 16 is provided for Jamp 4. The lamp 4 and its 
lighting circuitry are conventioaal laser pumping appa- 
ratus and form no part of the present invention. Laser 2 
is a standard ruby laser except that only one end has the 


65 usual reflective coating or mirror 12 while the other end 


is uncoated and the mirrors usually present at the now uu- 
coated end js moved outboard as at 14 parallel to mirror 
12 and in alignment with the axis cf the laser and facing 
the uncoated end, mirror 14 preferably being more re- 
flective than mirror 12. Anultrasonic cell. 16 is jaterposed_ 
between the uncoated ead_of the. laserand_mi rror.14.s0_ 
‘flat cell 16 is in. the optical cavity of the laser, Cell 16 
a ae : 


na’ 
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- against cell 16. 


' index of refraction of the active laser material. 
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re F 

has a BaTiO, trassdecer 18. an alcoho! medium 20 and 
a Bali, receiver zi. ond cell 16 bas transparent windows 
22 to allow passage of the laser output. “Transducer 18 is 
driven by oscillator 24 to generate an ultrasanic freauency 
wave in medium 20, and the output fom receiver 21 is 
fed Sack to oscillator 24 to supply positive feedback for 
the oscillator. Cell 16 is excited concomitantly with the 
pumping of ruby 2.’ Cell 16 could be a traveling wave 


_cell as well as the standing wave ceil described. 


In the configuration of FIG, 1 the elements are selected 
so that the width W of the electromagnetic radiation beam 


_ in the optical cavity of Jascr 2 is mich narrower than the 


wave length 4* of the sound wave in the ultrasonic cell, 


‘the ratio B’A/*® being epproximately %4 or Iess.. With W 


much less than \* the electromagnetic radiation beam in 
the optical cavity of laser 2 passing through the ultrasonic 
field in cell 16 will be refracted back and forth in a sinus- 
oidal manner with the deflection @ being given by the.ex- 
pression ; . : 


QQ) 


where Ay is the maximum change of the refractive index 


of the cell medium caused by the ultrasound, L is the. 


path length of the light through the sound field, /* is the 


WwW 


15 


26 


25 


ultrasonic frequency, and fis time. Referring to FIG..2, © 


which is a simplified schematic of FIG. 1 and in which 
like elements are aumbered as in FIG. 1, the refraction 
of the electromagnetic radiation beam is illustrated. ‘Thus, 
when laser 2 is pumped. an emitted beam is passed through 


the ultrasonic field and is caused to scan mirror 14. When 
. the angle @ is large the beam reficcted {rom mitror 14 is 


directed away from Jaser 2 and tne energy loss will pre- 
vent laser action from taking place at these angles. How- 
ever, when 6 is zero er nearly zero the energy incident 
on mirror 14 is reflected or fed back to laser 2 and laser 
action will occur. The angle ¢ wil be zero twice in each 
cycle of the sound wave, ard hence laser action will take 
place with a pulse repetition frequency o° 2f*, and this 
relationship is shown in FIG, 3.. In addition, as shown 
in FIG. Ja, the elements of the system can be brought to- 
gether to reduce losses, Thus, cell 16 is butted against 
the uncoated end of ruby 2 and mirror 14 is butted 
In this configuration it would be desir- 
able to choose the cell medium such that it maiches the 
Only a 
few watts of ultrasonic power are needed for this ultra- 
sonic feedback modulation technique. For example, a 5 
cm. Jong. 0.6 cm. diameter ruby was operated as in FIG. 1 
wiih a pumping energy of 3360 joules. The ultrasonic 
ce}l was excited at 122 ke. with Jess than 10 watts applicd 


35 


40 
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4 
2st. to L/nft. wherein = 1.2.3... bY reculating the 
intensity of the puraying of the laser. 

The generation cf a series of sharp, evenly spaced 
laser pulses throus’) ultrasonic feedback maduation of 
laser output described above can fiad application in a 
variety of purposes, including. but not limited ts, radar, 
rance determination, and communcation. : 

The above-described ultrasonic galing of the . tput of 
ruby 2 can alsa be achieved with mirror 14 desieed froin 
parallelism with mizror 12, i.c., at an acute angic to the 
exis of ruby 2. Positioning mirror 14 in this menner 
forces the eating action of ruby 2 te occur at the ultra- 
sonic frequency f* over a large range of optical pumping 
intensities and firmly establishes a fixed phase relation- 
ship between the ultrasonic frequency and tk: laser 
oscillations. Measurements have shown that a 6 minute 
off parallelism between mirrors 12 and 14 results ina 
90° displucement of the laser spikes with respect to 
the ultrasonic wave form... : 

Referring now to FIG. 4, wherein parts similar to FIG, 
1 are numiered as in FIG. 1 with a prime (’) superscript, 
a configuration is shown wherein both ends 12’ and 14’ 
of the ruby 2’ are reflective coated. Ultrasonic waves 
are generated by transducer 18’ and passed through the 
ruby 2’ to receiver 21’. Pumping light is supplied by Jamp 
4’, The configuration shown in FIG. 4 produces an out- 
put of evenly spaced Jaser_ pulses in the same manner 
as the structure of FIG. 1. in the structure of FIG. 4 
the refraction of the electromagnetic radiation beam oc- 
curs internally of the ruby 2’, and the electromagnetic 
tadietion beam scans mirror 14’ and is periodically re- 
flected to produce laser action as described above. Of 
course, a traveling wave could also be passed through 
ruby 2’. ; 

Referring now to FIG. 5,-a configuration is shown 


from a ruby laser. The structure is quite similar to that 
of FIG. 1, and like elements are numbered as in FiG. 1. 
The output from the trigger 10 is passed through a vari- 
able delay 30 and thence to a pulse generator 32, the 


- output irom pulse generator 32. trailing the initiation of 


ij 


50 


to transducer 18, and a series of evenly spaced laser out- f 


puts at 2f* was obtained. 

Thus, it can be seen that laser action can be coordi- 
nated and synchronized with ultrasonic frequency to pro- 
duce an ultrasonic feedback modulation of eiectromag- 
netic radiation in the optical cavity of a laser whereby 
evenly spaced laser pulses are realized rather than the 
usual random. output pulses of some laser, or a continu- 
ous wave output can be gated or amplitude modulated. 
In addition, an increcse in pulse height, a decrease in pulse 
width, and a sharpening of pulse rise time are realized 
through this ultrasonic feedback modulation technique, 
and there are no moving paris in the system. 

It has been stated above that laser action with the 
vltrasonic reedback modulation of FIG. 1 will occur at 
the rate of 2/*; nowever, this has presupposed that the 
ultrasonic frequency is low enough to allow sufficient time 
for the E enérgy level population to reach the threshold 
value every half cycle of the ultrasonic sound wave. If 
the pumping intensity is not sufficient for the E popula- 
tion level to reach threshold every half cvcle of the ultra- 
sonic sound wve, laser action will occur once every full 
eycie of the sound wavs. Thus, it will be undersiood that 
lhe frequency of Jase action can be made to vary from 


8 £34 Anse w 


‘ ' 


pumping light by a predetermined time. Pulser 32 rings 
a transducer 34 in ultrasonic cell 16 which drives alcohol 
medium 20: Mirror 12 is shown removed from the end 
of ruby 2, but could just as well be as in FIG. 1. The 
significant diferences in the FIG. 5 configuration from 
that of FIG. 1} is that mirror 14 is deviated from parallel- 


Le 


“whereby an ultrasonically gated giant pulse is obtained ”. 


ism with mirror J2. i.e., mirsor 14 forms an acute angle | 


with the axis of ruby 2 and there is a deliberate delay 
between initiatioa of pumping of ruby 2 and excitation 
of cell 16. | : 


In the operation of the structure of FIG, 5, the pump- 


ing of ruby 2 is initiated prior to the excitation of ultra- 
sonic cel! 16 due to delay 20. The deviation from paral- 
Jelism ef mirror 14 is such that for a given amount of 
pumping enough of the spontaneous fluorescence from 
rub, 2 is deflected away from the ruby rather than re- 
turned to it so that using of the ruby is prevented. In 
essence. the optical fecdback path te the ruby has been 
blocked, i.e., a high value for the threshold energy of the 
laser is created, the device will not oscillate, and a large 
overpepitlation of excited atoms results, Variable delay 
30 is set to actuate pulser 32 and pulse transducer 34 with 
a high voliaze pulse to pass an ultrasonic Wave through 
alconol medium 20, preferably when overpopulation is 
ata maximum. The spontaneous radiation from ruby 2 
passing through cell 16 to mirror 14 interacts with the 
ulirasonic wave and is refracted in accordance with Equa- 
tion 1, supra, the wave length of the ultrasonic wave in 


cell 16 being much greatér thar. the width ou the Jaser | 


beam, and a condition will occur when the radission will 
be directed perpendicular to mirror 14. At this time, 
a high restoration of positive fezdbeck to ruby 2 is initi- 
aled and Jaser action will occur with a very large burst 
of radiation. 


CIA-RDP81-00120R000100060012-8 


. Experiments with the coniseratior of FIG. 3 using a 
5 cmoious. 0.6 cm. dicmeter ruby, encrgizin2 at 900 
‘jou es and wiltt a4 sec. pulse used to cing a P22 ke. tead 


“+ girconate titanate transducer bave preduced pulse heights 


of 50 to 75 timcs the normal pulse ampitudes With a rise § 
time of less than. 7G naroseconds and with pulse widths 
on the order ef 30 to 75 nanoseconds. in contrast with 
microsecond pulse widths of the random pulses. 
This large output spike can find application in jong 
range radar, range finding, und for large welding and yg 
drilling operitions. ; 

The structure of FIG. 5 can be used to obtain a series 
of relatively large pulses by perioslically exctiing the ultiar 
‘sonte cell during normal lasing action. : 

Reverting now to the structure of FIG. 1, the giant 15 
anise described above in connection with the operation 
of FIG. 5 car. be reailzed with the FIG. 1 confriration 
if \* is selected to be mucn less than W, the ratio Ws," 
being 7/1 or more.. Under these conditions the beam 
passing through the excited ultrasonic cell is diffracted 20 
rather than refracted. and it can be shown that with suffi- 
cient ultrasonic intensity the diffraction patiern has low 
intensity in the center order, ‘This effect results ia higher 
intensity of the higher diffractom’ orders whose direction 
of propagation deviates from ite axis of the ruby rod, 25 
thereby vielding a high loss to ths system which is suffi- 
cient to prevent Jaser action. Also, diffraction of the 
beam destroys the coherent nature of the radiation re- 
fiected back and forth between mirrors 12 and 14 and 
laser action is prevented: thus, overpopulation of excited 20 
atoms occurs. ‘Then the ulirasonic oscillations are stopped 
and spontaneous radiation is reflecied back to ruby 2 
from mirror 14 and laser action takes places with a giant 
output snike, - a 

Referring nov te FIG. 6, a configuration is shown 35 
whereby the Jaser beam can be deflected horizontally 
and vertically to produce a scanning system for drilling, 
_ welding, scana'ne a tarect, etc. 


This sys:em: is operated in the regime where W/A*2214, 45 
‘and thus the laser beam passins through ultrasonic tells 
40 and 42 is deflected. Simulanzous horizontal and verti- 
cal deflection can be obtained by energizing the cells 40 
und 42-with different frequencies, or spiral scanning can 
be obtained by driving the cells at identical freouencies 50 
and different power levels. Thus, it should be apparent 
that a variety of scanning patterns can be obtained by 
manipulating power, frequency, and phase of the driving 
signals to the ultrasonic cells. a : 
Larger angles of deflection can be obtained Dy pres- 83 
surizing the medium of the cells 40 and 42 to allow the 
use of high intensity ultrasonic waves without encounter- 
ing cavitation. : 
Reverting again to the structure of FIG. 1, a measure- 
ment of the parallelism of two pilates can be obtained. 60 
Experiments have shown that a 4 second deviation from. 
parallelism between mirrors 12 and 14 results in.a 1° 
. displacement of the gated laser pulse with respect to the 
ultrasonic wave form. Thus, by monitoring the position 
of the gated Jaser pulses with a photo detector and si- 65 
multaneously dispiaying the gated laser pulses and ultra- 
sonic wave ferms on a scope, the parallelism between 
reflective plates can be determined by observing tie rela- 


olive positions of the gated pulses and the ultrasonic wave 


forms. Of course, it will be understood that the plates 70 
whose parallelism is beirg measured need not be the 


- usual refective surfaces of the laser but could te plates 


displaced frem the euds of the ruby and used as yhe 
reflecting surfaces. ate 
Referring now to FIG. 7, there is shown a continuous 75 


«a 1 


6 


wave active laser cement 102 and parel!<! refiecting end 


plates 04 and 195, plate 144 being more reflective than 
Plate 106, Pumping radiation as indicated by the Labeled 
arrows is delivered to laser element 122 by any conven- 
iemt method, and refectirg end plates or surfaces 104 
and 106 could abut or form the ends of active element 
102 rather fhan being separate as shown. An ullrasentc 


cell J03 haying a transducer 110 is positioned to the 
right of reflective end plate 106 in the path of the exited 
beam fron laser 102. 


It will be observed thé in ihe 


of Tun’ defined oy 
yaleciive end 4 aad NS An FM incdulator 
Wis connected” to drive transducer LI0 to genciate 
traveling waves of varving frequency in ultrasonic cell 
103. A lens 107 receives the loser output from cell 108 
and displays it on an opaque surface 109 having an aper- 
ivte D1} thevein, surfece 109 being at the focal point of 
lens 107. 4 standard type of collimating optics 114 is 


located to the right of plate 109 and is focused on uper- 
ture 012 for transmitting ight signals passing through 
aperure T11. 

. The system shown in FIG. 7 is operated in the regime 


“ where the widh W of the emitted beam from laser 102 


is much wider than the wave icngih X* of the sound 
wave in the ultrasonic cell, the ratio W:d* being ap- 
proximately 7:1] or greater. Under this condition where. 
W is much greater than A*, the beam of emitted light 
from laser 1923 is difracied in passing through the ultra- 
sanic field in cel} 198 due to a time varying refractive 
index czused by the ulirasonic field, the diffraction pat- 
tern being in the form, of a series of iiluminated areas 
of varying intensity as indicated graphically in FIG, 9 
normally dirinisuing in imensity from the zero order 
to higher orders. . 

Referring now to FIG. 9, the beam of emitted laser 
light is diffracted-in passing thrcugh the ultrasonic field 
in cell 198, the ditfraction being at angle 6 given. by, 


ae 
ese (2) 


where K equals 0, 1, 2, 3. 4, ete. (diffraction orders), 
4 equals the wave length of the emitter Jaser beam, and 
X* equals the wave length of the scund wave in the ultra- 
sonic cell. For the case of traveling sound waves de- 
picted in FIGS, 7 and 9, the sound wave in the ultra- 
sonic cell acts as a diffraction grating which is moving 
with the velocity of sound at right angles to the direc- 


sin’ 6 


_ tion of the emitted laser tis ht incident on the ultrasonic 


cell. As a result of the Doppler effect, the light bean 
which is bent aside in the diffraction spectra in the direc- 
tion of propagation vf the sound wave experiences an in- 
crease in frequency while the light beam diffracted in 
the opposite direction. is lowered in frequency. The fre- 
quency », of the light deflected through an angle és 
irom its original directton may be calculated from the 
relation 


(3) 


where vg equals the frequency of the laser light incident 
on the ultrasonic ce!l 108, = equals the index of refrac- 
tion of the medium of celi 108, c equals the. velocity of 
light in free space, and V equais the velocity of sound 
in the medium of cell 168. From Equation 2 and from 
the fact that n=e/c, where cy is the velocity of Hight in 
the medium of cell 108, the following relationship results 
meng Kf* (4) 

where {* equals the frequency of the ultrasonic wave in 
ceh 168, * . : 
As can be seen from Equation 4, the emitted laser 
beam, in passing through ultrasonically excited cell 108, 
will be diffracted into a pattern of Sights ef different fre- 
quensy, and the diference in frequeticies between the 
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. : 7 |. 
orders of ike diffraction patteray will be a direct function 
of the frequency cf tie vicrasenic wave in cel] G8, 

EM modulator 112 delivers an FM signal to transducer 
140 in accordance with a message of intelligence that it 
is desired to transm't, such as a voice message. The 
frequency modulaed signai dsiiveved two transducer 110 
fenerates a frequency modulated traveling wave in witza- 
Sonié cell 108 in accordance. with the intelligence to be 
iransmitied. and, i4 accordance with Equations 2 through 


4, the freavency modulation of the ultrasonic wave in 


eel] 168 is superimposed oa the diffraction paitern pro- 
duced by excited cell 108 sa that the frequencies of the 
ciders of the diffraction patters other than the zero order 
&ie varicd in. accordance with the changes in frequency 
6f the ultrasonic wave in cell #08 aad hence in accord- 
shce with the intelligence that it is desired to transmit. 
Ia the ease of a frequency modulated traveling wave 
in wlitasdnié ceil 1028, the frequency of the zero order of 
the diffraélion patiern ren.ains eonsiant al the frequency 
of the emitted laser beam, awd thp frequencces of all 
Giher oyders in the diffraction pattefn change in propor: 
tian to and as a function of the change in frequency of 
the wltfasonic wave in cell 483. Opaque surface 109 
is pOsilioned S06 Lint abettite EX only passes seected or- 
Aéis Of the diffraction pattern, e.g., the zero and first or- 
‘dé7s, Which are then reccliimated by optics 114 for Jong 
disiaice propagation. An optical photoelectric or 
pliotoconducior type of superleterodyne receiver known 
iti the art, can be placed 10 receive the FM light beam 
ftém éollimating optics 114 amd can be tuned to detect 
tlie ghangzes in frequencies bexween the orders of the 
diffraction pattern passed by epériure 111 and generate 
élééitical signals to reproduce the transmitied informa- 
tidh: As ain alefnative, apertare 111 could be piaced to 
pase Oily oné Ofder of the diffraction pattern. e.g. the 
first order, and this one order could be beat against the 
Giitput of a lo3al oscillator. Also, for the transmission 
6f an FM beam, leis 107 and surface 109 could be 
Biniticd so that colliniating egtics 114 would deliver an 
FM light, beam of a mixtere of all frequencies in the 
diffraction pattern to a receiver properly tuned to a 
bane of frequencies. - , 
If each order: of the diffraction patlern creaed 
‘py cell 108 is of suffic ~mt intensity to be itself 
diffracted into a dehuite pattern, ther. €ach order of the 
diffraction patter; ¢culd be passed throuch a separate 


a 


_ 
. oO 

incident on surface J68 from aperture 165 will be re- 

flected tack (hrouczh aperture 166 to lens 162 and thence 

to laser clement 150. Transducer 188 is driven by AM 


" transmitter 160, and, ag in the system of FIG. 7, the sys- 
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iiltfasonic ceil for frequency medulation. This diffraction . 


éf each order of the diffraction pattern could -be repeated 
a3 Many times as a useful diffraction pattern could be ob- 
tainéd by diffracting each order of a diffraction pattern, 
i@., a8 long as the intensity of each order of a diffraction 
pitté?n was suffciently hizh to be diffracted into a use- 
ful pattetn. A number of different messages nny be im- 
posed on the single light beam emitted from laser 102 
through this technique of repeated diffraction. and all of 
" the final diffraction patterns can be recollimated by optics 
114 for tranemisison of the several messages in a single 
beam of light. ; , 
Referring to FIG. 8, a system is shown whereby a 
pulscd output type Jaser or a continuous wave laser can 
be modulated by ultrasonic diffraction to obtain a series 
 @f evenly spaced output pulses of equal magnitude, or 
whereby 2 continuous wave Laser can be amplitude mod- 
lated by ultrasonic difltaction to produce an amplitude 
modulated output commensurate with intelligence or a 
. Fessage. _ ¢ 
“A laser system consisting of acthe laser element 350 
and refieciing end plates 75% and 254 has an ultrasonic 
tell 156 and transducer L5* ia the opilesi cavity, plate 152 
teing more seflective inan plate 154 4 lens 162 cither 
4 or to the right of ceil 196 displays s«... output from cell 
156 on an opaque plate MA hasies an aperture 166 
iserein, plate 164 being at the fecal point of lens 162. 
Phe inher surface 168 of rchector BS4 is curved along a 
gadius suck that its focal point is at plate 164 so that light 


“ t 


50 


65 


60 


65 


70 


75 


10° 


tem of FIG. & is eperated in the region where W/X* is 
approximately 7/1 or greater so thai the electromagnetic 


energy in the optical cavity of the laser system is dif- - 


fracted. Plate 164 is placed so that only the zero erder 
of the diffraction pattern passes through aperture 166 aad 
impinges on curved reflecting turface 168. 

Referring now to FIG. 10, there is shown in graphic 


form the relatienship between the intensity of the ordz: 


of the diffraction pattern and the intensity of the ultra- 
sonic wave in cell 186. As can be seen, the intensity of 
the zero order falls off to aimosi zero and then rises 
slightly as ulirasonic intensity increases while the intea- 
sities of the higher orders of the diffraction pattern in- 
crease and decrease 2s a function of ultrasonic intensity. 
Also, it can be seen that the zcro order curve is linear 
along a ercat portion of its slope. . 

_ The relative intensizy of the mth order of the diffraction 
pattern to the ath order of the diffraction patern is given 
by the, expression : , : 


* (5) 


where J, and J, are the Pessel functions of the mth order 


_and the nth order of the diffraction patiern, Su is the 


maximuin variation of the refractive index in the ultra- 
sonic cell, and L is the Jength travelled by the electro- 
magnetic energy in tte vlirasonic medium and d is the 
light wave Jength, The angle that the respective orders 
of the diffractica paitern make with the initial direction 
of propagation is given by Equation 2. 

Yé ultrasonic cefl 136 is, excited by an unmodulated 
output from AM transmitter 160 driving transducer 158 
so that an untnedulated uniform traveling wave is set up 
in cell 156 at an intensity sufficient to suppress the zero 
order of the diffraction pattern, a high loss will result to 


_tne laser sysiem because the zero order of the diffraction ¢ 


pattern will not be fed back to laser element 150. Since 
aperture 166 is positioned so that only the zero erder can 
pass through the aperture and impinge on suriace 168, and 
since the zero orcer will be suppressed at this time, lasing 
action will not eccur. Interrupting the ultrasodic wave 
jn cell 156 by interrupting the output from transmitter 160 
will remove the diffraction pattern, and the electromag- 
netic encrey of the laser system will be fed back by re- 
flectors 152 and 154 in usual fasbion so that lasing action 
will occur, Simutarly, lasing action can also be made io 
occur by reducing che intensity of the ultrasonic wave 
to the Jevel wherein the intensity of the zero order of the 
diffraction pattern is strong, and this strong zero order 
will be fed back to Inser 150 by reflectors 152 and 154 
to cause lasing action. Re-establishing the original uni- 
torm traveling wave in cell 156 would again establish a 
diffraction pattern with a suppressed zero ocder, and 
Jasing action would be interrupted. Thus, as seen in FIG. 
10a, the output of the laser system can be coordinated or 
syrchronized with the vitrasonic excitation of cell 136 
so that a series of spaced pulses cad be ebtained from the 
laser system through ultrasonic diffraction of the electro- 
magnet’: energy of the laser in the feedback path. These 
output pulses can be either evenly spaced or uneverly 
spaced ucpending on the spacing of the outputs from 
transmitter 168, 

When the cztnut of transmitter 160 is amplitude modu- 
lated in acc “#ence With a message or intetlizence. the 
intensily of . 2 :étrasonic wave in cell 156 will be similarly 
modulated, <5 a result, the iatensily of the orders of the 
diffraction ©2*ern produced irom the interaction of she 
ultrasonic 1. wt and the electromagnetic radiation irom 
laser element £0 will be varied, and the zero order in- 
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’ additional messages or intelligence. 


.. by cell 108. 


3,207,876 


tensity canbe varied aimost linearly over a very wide 
range of iniensities, «With apertuie 166 positioned as 
described, andy the variation in inteasity of the zero order 


‘of the difraction pattern is of interest since only the 


zero order will affect the amount of feedback to laser 150 
to modulate Jaser output. When laser 150 is of the con- 
tinuous wave type, the output of the laser system will be 
amplitude modulated in aceorcance with the niessage or 


* inteli‘gence represented by the amplitude modulated out- 
. put of transnitier 160. 


Whether the output from. the laser 150 is amplitude 


“modulated for the transmission of a message ‘or intelli- 


rence or is modulated as shown in FIG, 10a for the gener- 


-ation of a serics of pulses, the output can be recollimated 
for long distance transmission by optics 
‘apeniure 166. 


170 focused on 
Tf mirror 144 were more reflective than 
mirror 152 no collimating optics would be necessary be- 


mirror 152. The repetitive pulse output can find ready 


- application in systems such as radar and range finding, 
and the amplitude modulated message output can be de- 


tected by well-known photoelectric devices. 


Referring now to FIG. 8a, a system similar to thats in. 


FIG. 8 is shown in which the traveling wave transmitter. 
46v and cell 156 of FIG. 8 are replaced by a standing wave 
oscillator 180 and ultrasonic cell 182 having transducers 
164 and 186 connected to the output and return, respec- 
tively, of oscillator 180. The remaining structure of FiG. 
8a is as in FIG. 8, and the operation of the structure of 


FIG. 8a differs from the FIG. 8 structure in that a stand- 
‘ing ultrasonic wave of a frequency fo is set up in cel] 182 


for a given output from oscillator 180, The maximum 


i intensity of the wave in ceil 182 will be selected to be at 


a level sufficient to suppress the zero order of the dif- 


« fraction pattern, and the structure of FIG. 8a will auto- 


matically operate to gate laser output at a frequency of 


eft, 


The AM modulated systems of FIGS. 8 and Ba could 
also be operated without lens 362 and plate 164; but, the 
hizber orders of the diffraction pattern would be fed back 
to laser 150 when the zero order was suppressed, and con- 
trol of laser output would not be as refined. : 

Referring once again to the structure of FIG. 7, the 
frequency modulated output of the structure of FIG. 7 
can also be amplitude modulated for the transmission of 
Thus, switch 116 
can be closed to deliver the output from FM transmitter 
112 to AM modulator 118 where it is amplitude modu- 
lated prior to being delivered 10 drive transducer 110. 


Thus, an amplitude modulated signal can be imposed on 


the frequency modulated cell 308 to modulate the in- 
tensity of the orders of the diliraction pattern established 
In this manner, both frequency modulated 
and amplitude modulated signals canbe transmitted by 
the structure of FIG. 7. 

It is to be understood that the invention is not limited to 
the specific embodiment herein illustrated and described, 
but may be used in other ways without departure from 
its spirit as defined by the following slauns, 

Jclaim: . 

1. In a control system for lasers, means for generating 
a laser output including an active continuous wave jaser 
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ciement having end reflecturs, at Jeast one of said re- 
fiectors being spaced at a distance from said laser ele- 
ment, the space between said reflectors defining an optical 
cuvity, a fiquid ulfrasonic cc positioned in said’ optics’ 
cavity between said laser element and said spaced re~ 
flectar whereby the laser qutput passes through said cell, 


_ means for generating an amplitude modulated sicnal, and 


means for applying said signal to said cell to gencrate an 
amplitude modulated wave within said cell, said laser out- 
put being intensity modulated in accordance with said’ 
signal as said laser output passes through said cell. 

2. A contro] system for lasers as in claim 1 in which 
said amplitude modulated wave within said cell is a 
travelling wave. 

3. A conirol system for Jasers as in claim 2 ia which 
the amplitude modulated travelling wave has a wave- 
Jength X* which is related to the width of the laser output 
W by the relationship Wsa*<7 whereby said laser output 
is diffracted when passing through said ce}, 

4, Apparatus as in claim 3 and including means for 
passing only the zero order of said diffracted laser oufput. 

5. Apparains as in claim 4 wherein sa’d means for 
passing only the zero order of said diffracted output in- 
cludes a lens positioned to receive the laser output be- 
tween said cel} and said spaced reflector, and an opaque 
plate having an aperture therein positioned at the focal 
point of said Jens. 

6. Apparatus as in claim § in which said spaced re- 
fiector is curved and has its focal point at the aperture of 
said opaque plate. 

7. Apparatus as in claim 4 and including means for 
periodically reducing the intensity of said amplitude 
modulated sigaal applied to said cell to thereby produce 
a pulsed laser output. 

8. Apparatus as in claim 1 in which said amplituds 
modulated wave is a constant amplitude standing ‘wave 
whereby a Jaser output of twice the frequency of the 
amplitude modulated wave is produced. 
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